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I. INTRODUCTION 

Research and management r e l a t i n g  t o  l i v i n g  r e sources  r e q u i r e  
ex tens ive  d a t a  bases.  Because of t he  m u l t i p l i c i t y  of s p e c i e s ,  f i s h i n g  
g e a r s ,  and p a r t i c i p a t i n g  n a t i o n s ,  f i s h e r i e s  r e s e a r c h  and management 
a c t i v i t i e s  may r e q u i r e  much more d a t a  than any o t h e r  resource management 
a rea .  This s i t u a t i o n  l e d  f i s h e r i e s  s c i e n t i s t s  and managers t o  embrace good 
record keeping p r a c t i c e s  and t o  apply s t a t i s t i c a l  survey procedures.  The 
r e s u l t i n g  l a r g e  d e p o s i t o r i e s  of d a t a  c o n t r i b u t e d  m a t e r i a l l y  t o  the  
development of q u a n t i t a t i v e  techniques f o r  f i s h e r y  s tock  assessment i n  the 
e a r l y  1900's.  
i n  processing and managing them i n  a t i m e l y  and c o s t  e f f i c i e n t  manner. 
With the development of t he  computer during World War I1 and i t s  commercial 
a v a i l a b i l i t y  s h o r t l y  t h e r e a f t e r ,  a new t o o l  became a v a i l a b l e  f o r  managing 
and processing t h e s e  l a r g e  f i s h e r i e s  d a t a  s e t s .  

The eve r  i n c r e a s i n g  s i z e  of the d a t a  sets c r e a t e d  problems 

F i s h e r i e s  workers adopted t h i s  new t o o l ,  learned high-level  
programming languages,  such as FORTRAN, t o  process  t h e i r  d a t a ,  and 
proceeded i n  an e f f o r t  t o  g a i n  access  t o  ever  b igge r ,  more powerful 
mainframe computers. 

I n  t h e  middle t o  l a t e  1970's ,  developments occurred i n  the  computer 
f i e l d  t h a t  are only now being recognized and adopted t o  any g r e a t  e x t e n t  i n  
f i s h e r i e s .  These developments i nc lude :  1 )  maintenance of d a t a  s e t s  i n  
mass s t o r a g e  devices  ( d i s k s )  a t t a c h e d  d i r e c t l y  t o  computers r a t h e r  than on 
magnetic t apes  t o  f a c i l i t a t e  speedy access  f o r  updat ing o r  a n a l y s i s ;  2) 
i n t e r a c t i v e  r a t h e r  than ba tch  processing;  3)  a v a i l a b i l i t y  of smaller 
computers c a l l e d  minicomputers; and 4 )  t i m e  sha r ing  of processing resources  
on a mainframe computer. 

Two r e c e n t l y  occur r ing  computer developments a r e  n o t ,  except f o r  a 
few i n s t a n c e s ,  being used i n  f i s h e r i e s .  One involves  a concept c a l l e d  
d i s t r i b u t e d  processing,  where two o r  more small computers perform s i t e  
s p e c i f i c  p rocess ing  but  are l i n k e d  toge the r  i n  a network f o r  sha r ing  of 
d a t a  bases ,  and sometimes, the processing power of a c e n t r a l ,  l a r g e  
computer. The second even t ,  which i s  the  s u b j e c t  of t h i s  paper,  involves  
the  development of t he  g e n e r a l  purpose microcomputer. 

I n  t h i s  r e p o r t ,  I w i l l  d e s c r i b e  the  g e n e r a l  purpose microcomputer, 
d i s c u s s  i t s  c a p a b i l i t i e s ,  compare i t s  performance s p e c i f i c a t i o n s  t o  some 
minicomputers, and f i n a l l y  p re sen t  some f i s h e r i e s  a p p l i c a t i o n s  of 
microcomputers. 

I n  d i s c u s s i n g  computers, i t  w i l l  be necessary t o  use words and 
terminology u n f a m i l i a r  t o  most f i s h e r i e s  workers. To make matters worse, 
t he  computer f i e l d  i s  r i c h  i n  j a rgon  t h a t  i s  evolving as r a p i d l y  as the  
f i e l d  i t s e l f .  I w i l l  a t tempt  t o  avoid as many of the s p e c i a l i z e d  terms as 
p o s s i b l e  but t he  use of some w i l l  be necessary.  To f a c i l i t a t e  our 
communication, I have included a s h o r t  g l o s s a r y  (Appendix 11, which I 
e x t r a c t e d  mostly from McGlynn (1979) and Popular Computing (1981). 
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11. THE MICROCOMPUTER 

A. Some D e f i n i t i o n s  

What i s  a microcomputer? And, what makes it  d i f f e r e n t  from the 
computers w e  f i s h e r i e s  s c i e n t i s t s  have been using a l l  t hese  y e a r s ?  
g l o s s a r y  p r e s e n t s  t he  t e x t  book d e f i n i t i o n ,  but f u r t h e r  exp lana t ion  seems 
i n  order .  

The 

A computer system, besides  e s s e n t i a l l y  being an assemblage of 
machines whose purpose i s  t o  process  information,  i s  made up of s e v e r a l  
devices--some f o r  i n p u t t i n g  information,  some f o r  s t o r i n g  i t ,  some f o r  
o u t p u t t i n g  i t ,  and one f o r  processing i t .  The l a t t e r  i s  g e n e r a l l y  c a l l e d  
the c e n t r a l  processing u n i t  (CPU). 
purely e l e c t r o n i c ,  not  electro-mechanical.  The CPU i s  i n  t u r n  made up of 
an a r i t h m e t i c  l o g i c  u n i t ,  some r e g i s t e r s  f o r  temporary s t o r a g e  of d a t a ,  
i n s t r u c t i o n s ,  and addres s  (much l i k e  the r e g i s t e r s  on a c a l c u l a t o r ) ,  an 
i n s t r u c t i o n  decoder and t iming u n i t  (determines what p a r t  of t he  CPU i s  
i n s t r u c t e d  t o  do something and when), sometimes a c lock ,  a memory and 
input-output c o n t r o l l e r  ( f o r  communicating with random access  memory and 
the  input-output i n t e r f a c e ) ,  and communication wires ( c a l l e d  buses;  f o r  
t r a n s m i t t i n g  d a t a ,  addresses ,  and c o n t r o l  i n s t r u c t i o n s ) .  

Large mainframe computers or  maxicomputers, f o r  example the  IBM,1 

It  i s  the h e a r t  of the computer and i s  

Univac, and Burroughs machines which have been used f o r  so many y e a r s ,  a r e  
products of t h e  e l e c t r o n i c s  indus t ry .  I n  these  machines, the CPU i s  made 
up of s e p a r a t e  e l e c t r o n i c  u n i t s  l i nked  toge the r  i n s i d e  a c a b i n e t  t o  
accomplish each of the f u n c t i o n s  of t he  CPU given above. These u n i t s  or 
boxes have g o t t e n  sma l l e r  over the y e a r s ,  but they a re  s t i l l  s e p a r a t e  
e l e c t r o n i c  u n i t s .  I n  minicomputers, a g r e a t  advancement was made i n  
m i n i t u r i z a t i o n  so  t h a t  t he  a r i t h m e t i c  l o g i c  u n i t ,  t he  r e g i s t e r s ,  and the 
i n s t r u c t i o n  decoder and t iming u n i t  could be placed toge the r  on an 
e l e c t r o n i c  board. These e l e c t r o n i c  boards not  only t ake  l e s s  space than 
the  e l e c t r o n i c  u n i t s  of t he  maxicomputers, but they a r e  cheaper t o  
manufacture and a r e  more dependable. 

Microcomputers a r e  products  of the semiconductor i n d u s t r y  and a r e  
fundamentally d i f f e r e n t  from both mini- and maxicomputers. I n  t h i s  ca se ,  
a l l  of t h e  processing f u n c t i o n s  of t he  CPU a r e  placed toge the r  on a s i n g l e  
s i l i c o n  c h i p  smaller than your f i n g e r n a i l .  Hence, the phrase "computer on 
a chip." Techn ica l ly ,  the s i l i c o n  ch ip  i s  a microprocessor.  This ch ip  i s  
placed on an e l e c t r o n i c  board along with p a r t  or a l l  of t he  random access  
memory , t he  c lock ,  the input-output i n t e r f a c i n g  u n i t ,  and ex tens ions  of t he  
communication buses.  
e l e c t r o n i c  board al though f r e q u e n t l y  p a r t  of t he  random access  memory i s  
placed on a s e p a r a t e  board. 
more dependable than t h a t  used i n  the  minicompter. 

Hence, the e n t i r e  CPU can now r e s i d e  on a s i n g l e  

This arrangement i s  cheaper t o  manufacture and 

1Reference t o  t r a d e  names does n o t  imply endorsement by the Nat ional  
Marine F i s h e r i e s  Se rv ice ,  NOAA. 
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Thus, t he  b a s i c  d i f f e r e n c e  among maxi-, mini-, and microcomputers i s  
t h e  e l e c t r o n i c  a r c h i t e c t u r e .  
means of de f in ing  these  types of computers? I n  g e n e r a l  t he  maxicomputers 
a r e  capable  of doing more process ing  f a s t e r  than mini- o r  microcomputers. 
However, as minicomputers improved, they became capable  of performing t h e  
same work i n  less t i m e  and a t  less cos t  than smaller, less capable  
maxicomputers. Hence, the  more e f f i c i e n t  minicomputers have d i sp laced  t h e  
l e s s  e f f i c i e n t  maxicomputers from the  market place.  S i m i l a r l y ,  advances i n  
microcomputers have r e s u l t e d  i n  the  displacement of the  smal le r  less 
capable  minicomputers. Today, a microcomputer c o s t i n g  US$2,000-3,000 i s  
more powerful,  f a s t e r ,  and more compact than the  f i r s t  computer c o s t i n g  
m i l l i o n s  of U.S. d o l l a r s .  The process ing  power of each of the  computer 
types i s  advancing r ap id ly  and w i l l  cont inue t o  do so f o r  the fo re seeab le  
f u t u r e ;  hence,  p rocess ing  power i s  no t  a good means f o r  c h a r a c t e r i z i n g  
types of computers. 

What about u s ing  process ing  capac i ty  as a 

B. Some E a r l y  Uses - 
The microprocessor  was o r i g i n a l l y  c rea t ed  t o  handle  r o u t i n e ,  se t  

t a sks  commonly used i n  c o n t r o l l i n g  manufacturing processes .  I t  was only 
l a t e r  t h a t  t he  microcomputer, encompassing the  microprocessor ,  was used f o r  
manufactur ing,  bus iness ,  and s c i e n t i f i c  a p p l i c a t i o n s .  Some of the  f i r s t  
a p p l i c a t i o n s  of microprocessors  i n  sc i ence  were t o  i n t e r f a c e  between 
l abora to ry  or f i e l d  instruments  and some record ing  device  or  a computer. 
I n  f i s h e r i e s  and oceanography, microprocesors  a re  used with instruments  
measuring temperature ,  conduc t iv i ty ,  p re s su re ,  c u r r e n t ,  and weight. I n  
such ins t ruments ,  they can be  used t o  c o n t r o l  the  r a t e  a t  which the  sensory 
instruments  ope ra t e ,  t o  convert  t he  dev ices '  analog s i g n a l s  t o  d i g i t a l  
s i g n a l s  f o r  subsequent a n a l y s i s  on computers, and t o  f i l t e r ,  smooth, o r  
average d a t a  genera ted  by sensory instruments .  They c a l c u l a t e  s a l i n i t y  
from temperature ,  p re s su re ,  and conduc t iv i ty  readings and the  p o s i t i o n  of 
s h i p s  from s a t e l l i t e  s i g n a l s  (see Mini-Micro Systems 1979 f o r  a d e s c r i p t i o n  
of a forerunner  t o  the  off- the-shelf  s a t e l l i t e  nav iga t ion  instruments  t h a t  
a r e  a v a i l a b l e  today) .  They can be used t o  e s t ima te  the  p o t e n t i a l  amount of 
n a t u r a l l y  occurr ing  f i s h  food by count ing f r e e - f a l l  p a r t i c l e s  (Lasker and 
Brown 1978).  

Inc reas ing ly ,  microcomputers, r a t h e r  than microprocessors ,  are  
being b u i l t  i n t o  l abora to ry  and f i e l d  ins t ruments  because they can be  
programmed t o  handle  v a r i a b l e  s i t u a t i o n s  inc luding  t h e  changing of work 
performed by the  instruments  i n  response t o  changes i n  the  f a c t o r s  being 
measured. For t h i s  reason,  microcomputers a re  being employed i n  
oceanographic d a t a  buoys (Lobecker e t  a l .  19781, i n  unmanned underwater 
v e h i c l e s  (Marine I n d u s t r i a l  Advisory Serv ice  19801, and echo-sounder 
i n t e g r a t i o n  systems t o  e s t ima te  f i s h  abundance (Kanemori and Ehrenberg 
1978; I i d a  and Suzuki 1980). Although these  machines are  programmable, 
they a re  e s s e n t i a l l y  dedica ted  t o  one p a r t i c u l a r  kind of task .  

C. The General Purpose Microcomputer 

Of g r e a t e r  s i g n i f i c a n c e  t o  f i s h e r i e s  workers today i s  the  
a v a i l a b i l i t y  of powerful,  but  r e l a t i v e l y  inexpensive,  gene ra l  purpose 
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microcomputers. Sometimes they a r e  c a l l e d  desk top  computers, but  t he  
l a r g e s t  r e s i d e  i n  cab ine t s .  Most a re  8 b i t  machines ( t h a t  i s ,  they use 
e i g h t  b inary  d i g i t s  c o n s i s t i n g  of e i t h e r  0 ' s  o r  1 ' s  t o  r ep resen t  numeric 
d a t a ,  a l p h a b e t i c  l e t t e r s ,  and s p e c i a l  c h a r a c t e r s )  a l though 16 b i t  machines 
are  becoming more common. Some of t hese  microcomputers a r e  capable  of 
suppor t ing  s e v e r a l  u s e r s  whereas o t h e r s  only one use r .  The l a t t e r  a r e  
c a l l e d  pe r sona l  computers. 

I n  t h e  fo l lowing  paragraphs,  I w i l l  s t a t e  some of t h e  advantages 
of personal  and mul t iu se r  microcomputers, comment on a v a i l a b l e  computer 
programming languages,  d e s c r i b e  s e v e r a l  commercially a v a i l a b l e  computer 
program packages, and end wi th  some b r i e f  m a t e r i a l  on communicating wi th  
o the r  computers and sensory instruments .  

The g r e a t  advantage of a personal  computer i s  t h a t  i t  i s  
a v a i l a b l e  f o r  immediate use a t  any t i m e  f o r  n e a r l y  any a p p l i c a t i o n  the  use r  
wishes.  Unlike u s e r s  of l a r g e  computers, the personal  computer u s e r  does 
not  contend wi th  slow response t i m e  or i n a b i l i t y  t o  ga in  access  t o  the  
computer because too  many u s e r s  a r e  on the  system. Nei ther  i s  the  use r  of 
a personal  computer s u b j e c t  t o  process ing  expenses or opera tor  imposed 
r e s t r i c t i o n s  a s s o c i a t e d  wi th  l a r g e  computers. 

The mul t iu se r  microcomputer a l s o  has s e v e r a l  advantages.  Since 
such computers a r e  usua l ly  dedica ted  t o  a small group of a s s o c i a t e d  u s e r s  
r a t h e r  than t o  some organization-wide support  group, they a r e  a v a i l a b l e  f o r  
use a t  t h e  convenience of t h e  group. Computer programs and d a t a  s e t s  can 
e a s i l y  be shared.  P e r i p h e r a l  devices ,  such as d i s k s ,  a p r i n t e r ,  and a 
g raph ic s  p l o t t e r  can be shared ,  thus lowering t h e  o v e r a l l  cos t .  Of course ,  
only one use r  can u t i l i z e  these  p e r i p h e r a l s  a t  any one t i m e .  

BASIC i s  the  most commonly used programming language, but  many 
microcomputers can be programmed i n  s e v e r a l  o t h e r  high-level  languages such 
as FORTRAN, COBOL, and P L / I .  I n  a d d i t i o n ,  s e v e r a l  new s t r u c t u r e d  
programming languages,  f o r  example, Pasca l ,  are becoming a v a i l a b l e  f o r  
microcomputers. High-level languages a l low the  use r  t o  program the  
computer t o  perform almost any type of process ing  t a s k  imaginable. 

Many new computer programs ( o r  sof tware)  a re  becoming 
commercially a v a i l a b l e  t h a t  s i g n i f i c a n t l y  inc rease  the  u t i l i t y  of these  
machines t o  f i s h e r i e s  workers. Prev ious ly ,  sof tware  f o r  d a t a  e n t r y ,  f i l e  
management, and d a t a  base management were a v a i l a b l e  only on mainframe 
computers. Without such sof tware  f o r  microcomputers, i t  was very  l abor ious  
t o  e n t e r  d a t a  and manage the  d a t a  s e t s  f o r  subsequent a n a l y s i s .  Now, t h e r e  
a r e  s e v e r a l  commercially a v a i l a b l e  sof tware  packages f o r  microcumputers 
t h a t  a l low the  use r  t o  s e t  up d a t a  e n t r y  formats ,  manage i n d i v i d u a l  d a t a  
s e t s ,  or combine d a t a  sets or  elements from s e v e r a l  d a t a  sets f o r  
subsequent a n a l y s i s .  While these  c u r r e n t l y  a v a i l a b l e  packages a r e  no t  a s  
powerful as those f o r  mainframe computers, they have s i g n i f i c a n t l y  
inc reased  t h e  use fu lness  of t he  microcomputer and the  p r o d u c t i v i t y  of i t s  
use r s .  With more powerful 16 b i t  microcomputers becoming a v a i l a b l e ,  t h i s  
s i t u a t i o n  should improve. 
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Some s t a t i s t i c a l  so f tware  packages e x i s t  f o r  performing s imple 
pa rame t r i c  and nonparametric ana lyses  inc lud ing  t i m e  series a n a l y s i s .  
However, these packages g e n e r a l l y  a r e  no t  very powerful because of l i m i t e d  
machine memory, language-based r e s t r i c t i o n s  on the  number of s i g n i f i c a n t  
d i g i t s  t h a t  can be c a r r i e d  i n  c a l c u l a t i o n s ,  and poor d a t a  e n t r y  and 
management procedures. Very few q u a n t i t a t i v e  f i s h e r i e s  a p p l i c a t i o n s  have 
been programmed on to  microcomputers, but i t  should be f a i r l y  s t r a i g h t  
forward t o  do so. Again wi th  the  e n t r y  of more powerful 16 b i t  
microcomputers, more s o p h i s t i c a t e d  s t a t i s t i c a l  sof tware should become 
a v a i l a b l e ,  and i t  should be p o s s i b l e  t o  program a l l  but  our most 
complicated s t o c k  assessment methodologies o n t o  these  computers. 

Most of the s t a t i s t i c a l  sof tware a l s o  have the  a b i l i t y  t o  p l o t  
the d a t a  used i n  the  analyses  and the  r e s u l t s  from the analyses .  Needs i n  
the bus iness  world have r e s u l t e d  i n  sof tware capable  of producing p i e  
c h a r t s  and b a r  graphs,  i n  co lo r  i f  you wish. Needs i n  the automotive,  
a i r c r a f t ,  and communications i n d u s t r i e s  have r e s u l t e d  i n  the  development of 
g raph ic s  sof tware capable  of d i sp l ay ing  t h r e e  dimensiont ional  c h a r t s ,  
expanding views of s e l e c t e d  areas of a d i s p l a y ,  r o t a t i n g  f i g u r e s ,  and 
changing t h e  ang le  of view. Thus, the a v a i l a b l e  sof tware i s  probably 
capable  of handling any f i s h e r i e s  a p p l i c a t i o n ;  but  the technolgy must be 
t r a n s f e r e d  t o  f i s h e r i e s .  Graphic r e p r e s e n t a t i o n s  of d a t a  can be d i sp layed  
on monochrome or  co lo r  v ideo  t e rmina l s  o r  can be s e n t  t o  graphics  p r i n t e r s  
or  p l o t t e r s .  The cos t  of t hese  dev ices ,  p a r t i c u l a r l y  g raph ic s  p r i n t e r s ,  
has decreased s u b s t a n t i a l l y  i n  the  l a s t  couple of y e a r s ,  thus making them 
a v a i l a b l e  t o  many more use r s .  R e l a t i v e l y  inexpensive c o l o r  g raph ic s  
p r i n t e r s  a r e  now a v a i l a b l e .  

The microcomputer i n d u s t r y  has c r e a t e d  a unique type of so f tware  
t h a t  has n o t  as y e t  been implemented on l a r g e r  computers. 
a l lows the  u s e r  t o  s e t  up a g r i d  of columns and rows t h a t  can be 
mathematicaly i n t e r r e l a t e d  according t o  the  u s e r ' s  s p e c i f i c a t i o n s .  
user  wishes t o  s e e  t h e  consequences of changing some of t he  numbers en te red  
i n t o  the spread s h e e t ,  he merely e n t e r s  t he  new numbers and the  r e s t  of t he  
t a b l e  i s  r e c a l c u l a t e d .  Thus, simple s imula t ions  can be programmed i n  
minutes r a t h e r  than hours using r e g u l a r  high-level  languages. 

This  so f tware  

I f  the 

The las t  type of microcomputer so f tware  t h a t  I w i l l  d i s c u s s ,  
word p rocess ing ,  has tremendous u t i l i t y  i n  f i s h e r i e s .  Although t h i s  
so f tware  accomplishes a t a s k s  t h a t  i s  t e c h n i c a l l y  n o t  p a r t  of f i s h e r i e s  or  
any sc i ence ,  word p rocess ing  can reduce t h e  t i m e  spen t  w r i t i n g  s c i e n t i f i c  
documents. To produce t h i s  paper,  I o u t l i n e d  what I wanted t o  say,  
c o l l e c t e d  information from the l i t e r a t u r e  t o  supplement what I wanted t o  
say,  prepared a more d e t a i l e d  o u t l i n e ,  and then sa t  down i n  f r o n t  of a 
microcomputer and wrote the  paper. The sof tware allowed me t o  e d i t  v a r i o u s  
s e c t i o n s ,  make i n s e r t i o n s ,  and move whole s e c t i o n s  around be fo re  I was 
s a t i s f i e d  wi th  the document. When I passed the  t e x t  f i l e  con ta in ing  the  
document t o  the  s e c r e t a r i a l  s t a f f  f o r  f i n a l i z a t i o n ,  they d i d  no t  have t o  
decipher  c r o s s  o u t s ,  i n s e r t i o n s ,  and arrows p o i n t i n g  i n  v a r i o u s  d i r e c t i o n s .  
When they f i n i s h e d  t h e i r  work, I d i d  n o t  have t o  check f o r  introduced 
typing e r r o r s .  It  i s  much e a s i e r  and f a s t e r  t o  p repa re  documents using 
word processing than by any o t h e r  method. Word processing can be 
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accomplished on microcomputers, dedica ted  word processors ,  o r  mainframe 
computers, but  t hese  l a t t e r  devices  a r e  l e s s  a v a i l a b l e  t o  i n d i v i d u a l  
s c i e n t i s t s .  

Devices c a l l e d  modems and the  sof tware  t o  support  them al low the  
use r  of a microcomputer t o  communicate wi th  o the r  microcomputers o r  wi th  
mainframe computers. This  f a c i l i t y  e s s e n t i a l l y  tu rns  the  microcomputer 
i n t o  a t e rmina l  which can then be used t o  t r a n s f e r  da t a  sets t o  or from a 
mainframe computer and t o  conduct ana lyses  d i r e c t l y  on the  l a r g e r  computer. 
I n  a d d i t i o n ,  sof tware  i s  a v a i l a b l e  f o r  some microcomputers making i t  
p o s s i b l e  f o r  them t o  f u n c t i o n  as a remote job  e n t r y  s t a t i o n  t o  a mainframe 
computer (2780/3780 p ro toco l  emulator) .  The c a p a b i l i t y  of a microcomputer 
t o  emulate a t e rmina l  o r  a remote job  e n t r y  s t a t i o n  i s  extremely u s e f u l  
because i t  a l lows  t h e  microcomputer u se r  t o  manage and process  very l a r g e  
da ta  sets on the  mainframe computer and then use t h e  microcomputer t o  
process  compacted d a t a  r e t r i e v e d  from the  l a r g e r  computer. 

Most g e n e r a l  purpose microcomputers have the  a b i l i t y  t o  
i n t e r r u p t  ongoing process ing  and i n t e r r o g a t e  s c i e n t i f i c  measuring 
ins t ruments ,  s t o r e  or  process  the  d a t a  rece ived ,  and then r e t u r n  t o  the  
o the r  t a s k  i t  was performing. Thus, the  microcomputer can be used t o  
c o n t r o l  or  conduct experiments wh i l e  s t i l l  being used as a d a t a  process ing  
computer . 

D. Comparing Microcomputers Minicomputers 

I n  the  m a t e r i a l  p resented  above, I c a l l e d  t h e  microcomputer a 
powerful t o o l  and d iscussed  some of i t s  c a p a b i l i t i e s  i n  terms of a v a i l a b l e  
sof tware  f o r  d a t a  processing.  To put t h ings  i n t o  pe r spec t ive ,  I w i l l  
compare s p e c i f i c a t i o n s  and c o s t s  f o r  the  b a s i c  hardware comprising a 
minicomputer and a microcomputer. For t h i s  comparison, I w i l l  use two 
t a b l e s  l i s t i n g  t h e  f e a t u r e s  of s e v e r a l  minicomputers t h a t  were prepared by 
the  I n t e r n a t i o n a l  Commission f o r  the  Conservation of A t l a n t i c  Tunas (ICCAT) 
i n  1978 and the  Food and A g r i c u l t u r e  Organizat ion (FA01 P r o j e c t  f o r  Tuna 
Management i n  1980. The minicomputer procured by the  Skipjack Assessment 
Programme of t he  South P a c i f i c  Commission (SPC) i s  inc luded  i n  these  
t a b l e s .  
Business Computers, a r e l a t i v e l y  small manufacturer i n  the  U.S. Although 
t h i s  i s  a s o p h i s t i c a t e d  system, i t  i s  n o t  unique i n  the  United S t a t e s ,  
Japan, o r  Europe. 

The microcomputer used i n  the  comparison i s  produced by I n t e g r a t e d  

I n  1978 the  SPC acqui red  a Hewlett-Packard (HP) 1000 model 45 
minicomputer t o  support  t h e i r  tagging a c t i v i t i e s .  A t  t he  t i m e ,  t h i s  
computer r ep resen ted  t h e  s t a t e  of the  a r t  f o r  midrange minicomputers. I n  
the  same y e a r ,  ICCAT prepared a paper comparing the  c a p a b i l i t y  and cos t  of 
s e v e r a l  minicomputers ( inc lud ing  t h e  HP 1000) t o  the  c o s t s  of time s h a r e  
s e r v i c e s  from Computer Sciences Corpora t ion ' s  Information Network 
(Nordstrom and Miyake 1978).  
minicomputers a r e  reproduced i n  Table  1. 
Management prepared a similar t a b l e  comparing the  f e a t u r e s  and c o s t s  of 
minicomputers f o r  cons ide ra t ion  by the  tuna committees of t he  Indo-Pacif ic  
F i s h e r i e s  Commission and the  Indian  Ocean F i s h e r i e s  Commission (Skillman 

The hardware s p e c i f i c a t i o n s  and cos t s  f o r  t he  
I n  1980, FAO's P ro jec t  f o r  Tuna 
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1980). By today 's  s t anda rds ,  these minicomputers (Table  2) no longer  
r e p r e s e n t  t he  s ta te  of t he  a r t ,  and they f a l l  i n t o  the  lower range of t he  
c a p a b i l i t y  of minicomputers. 

I t  can be seen from Tables 1 and 2 t h a t  t he  c o s t  of t hese  
systems has decreased s u b s t a n t i a l l y .  I n  1978, t he  c o s t  of t h e  b a s i c  HP 
s y s t e m  was nea r ly  US$lOO,OOO. The least  expensive system, the  IBM, cos t  
about US$88,000; the most expensive,  D i g i t a l ,  cos t  US$106,000. By 1980, HP 
had become the l e a s t  expensive sys t em,  c o s t i n g  only about US$58,000. The 
most expensive was the  FACOM a t  over USS91,OOO. 

From Table 3 ,  it  can be seen t h a t  the I B C  microcomputer compares 
favorably with the minicomputers l i s t e d  i n  Tables 1 and 2 i n  terms of 
c e n t r a l  processor  memory ( i t s  maximum memory i s  s i g n i f i c a n t l y  l e s s  than the 
l a r g e s t  of t he  minicomputers, however), cyc le  time ( a  measure of i n t e r n a l  
speed; s i g n i f i c a n t l y  f a s t e r  than any of the minicomputers),  and d i s k  
s t o r a g e  capac i ty .  
d e n s i t y  of t h e  9 t r a c k  tape d r i v e ,  but  i t  i s  probably no more than 800 b i t s  
per  inch ( b p i ) ,  which i s  the  same f o r  the minicomputers l i s t e d  i n  Table 1. 
Also, t he  d i s k s  may be slower than those used with minicomputers. 
S p e c i f i c a t i o n s  a r e  no t  the whole s t o r y ,  but t h i s  8 b i t  microcomputer does 
compare reasonably w e l l  with the minicomputers l i s t e d .  

The manufacturer ' s  s p e c i f i c a t i o n s  d i d  n o t  g i v e  the  

For a number of yea r s  now, the 8 b i t  microcomputer has been 
dominating t h e  market; however, t he  microcomputer f i e l d  i s  undergoing a 
r e v o l u t i o n  because of t h e  i n t r o d u c t i o n  of t he  16 b i t  microprocessor.  
t h e r e  a r e  a t  least  20 microcomputers u s ing  these  more powerful 
microprocessors.  These new microcomputers a re  no t  only f a s t e r ,  but more 
important ly  they can d i r e c t l y  address  much more memory (1.0 Mbytes or  more 
as compared t o  64 Kbytes). A l l  or  most of the minicomputers l i s t e d  i n  
Tables 1 and 2 a r e  16 b i t  machines. A s  t he  manufacturers of 16 b i t  
microcomputers improve t h e i r  products  and make them more s o p h i s t i c a t e d ,  the 
16 b i t  microcomputers w i l l  undoubtedly d i s p l a c e  minicomputers of t he  l e v e l  
d i scussed  here.  I n  a d d i t i o n ,  two manufacturers  have announced 32 b i t  
microprocessors ,  and one i n d i c a t e d  t h a t  manufacturing would s t a r t  i n  1983. 

Today 

111. RECENT FISHERIES APPLICATIONS USING MICROCOMPUTERS 

General purpose microcomputers a r e  being used i n  f i s h e r i e s  t o  an 
i n c r e a s i n g  e x t e n t ,  i nc lud ing  t h e  c e n t r a l  and western P a c i f i c .  A s  an 
i l l u s t r a t i o n  of t h i s ,  I w i l l  p r e sen t  below the  t h r e e  r e c e n t  a p p l i c a t i o n s .  

A. Western P a c i f i c  F i s h e r i e s  Information Network 

With the  passage of the Magnuson Fishery Conservation and 
Management Act i n  1976, Fede ra l  and S t a t e  f i s h e r i e s  managers have 
experienced an i n c r e a s i n g  need f o r  d a t a  on f i s h e r i e s  r e sources  i n  the U.S .  
Fishery Conservation Zone. Accurate d a t a  a re  needed on a t imely b a s i s  f o r  
management d e c i s i o n s  and the  p r e p a r a t i o n  of f i s h e r y  management plans.  
Managers and s c i e n t i s t s  i n  the  Nat ional  Marine F i s h e r i e s  Se rv ice  (NMFS), 
t he  Western P a c i f i c  Regional Fishery Management Council ,  and s t a t e  and 
t e r r i t o r i a l  f i s h e r i e s  agencies  have encountered problems due t o  the l a c k  of 
a h i s t o r i c a l  d a t a  base,  u n a v a i l a b i l i t y  of e x i s t i n g  d a t a  f o r  a n a l y s i s ,  l e g a l  
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c o n s t r a i n t s  f o r  d a t a  exchange, l a c k  of d a t a  s t a n d a r d i z a t i o n ,  and inadequate  
procedures f o r  d a t a  c o l l e c t i o n .  The Southwest F i s h e r i e s  Center s t a r t e d  the  
Western P a c i f i c  F i she ry  Information Network p r o j e c t  t o  s o l v e  these  
problems.2 
modernize t h e  e x i s t i n g  sys t ems  f o r  f i s h e r i e s  information management and 
d a t a  c o l l e c t i o n ;  2) develop and implement new systems f o r  information 
management and d a t a  c o l l e c t i o n ;  3 )  e s t a b l i s h  both c e n t r a l  and d i s t r i b u t e d ,  
computerized d a t a  bases ;  and 4 )  e s t a b l i s h  a communication network among 
s t a t e ,  t e r r i t o r i a l ,  and Southwest F i s h e r i e s  Center d a t a  c o l l e c t i o n  and 
processing groups f o r  access  t o  and exchange of t h e  computerized d a t a  
bases .  The agencies  included i n  the network a r e  i n  a d d i t i o n  t o  the 
Honolulu Laboratory of t h e  Southwest F i s h e r i e s  Center ,  the American Samoa 
Of f i ce  of Marine Resources, the Northern Mariana I s l a n d s  Department of 
Natural  Resources, Guam Div i s ion  of Aquatic and W i l d l i f e  Resources, and 
Hawaii D iv i s ion  of Aquatic Resources. 

S p e c i f i c a l l y ,  the purpose of the p r o j e c t  i s  t o  1) enhance and 

The network i s  a d i s t r i b u t e d  computer system c o n s i s t i n g  of a 
c e n t r a l  minicomputer and s a t e l l i t e  microcomputers ( F i g u r e  1 ) .  
minicomputer system c o n s i s t s  of a D i g i t a l  Equipment Corporat ion PDP 11/70 
accessed on a time s h a r e  b a s i s  u s ing  v ideo  d i s p l a y  t e rmina l s  o r  a 
microcomputer. The d i s t r i b u t e d  microcomputer systems c o n s i s t  of Apple I1 
Plus microcomputers each w i t h  twin 5-1/4 inch  ( 1 3 . 3  cm) floppy d i s k  d r i v e s ,  
a do t  m a t r i x  p r i n t e r ,  and a v ideo  screen.  
t he  microcomputers l o c a t e d  a t  t h e  Honolulu Laboratory and t h e  Hawaii 
D iv i s ion  of Aquatic Resources. 

The c e n t r a l  

Micromodems a re  included wi th  

A s imi la r  network i s  being s e t  up by the  Nat ional  Marine 
F i s h e r i e s  S e r v i c e s '  Southeast  F i s h e r i e s  Center f o r  e s s e n t i a l l y  the same 
purpose. This network w i l l  involve a l l  the S t a t e s  i n  the  sou theas t e rn  U . S .  
and w i l l  i nc lude  d a t a  on f i s h e r i e s  r e sources  under U . S .  j u r i s d i c t i o n  i n  the  
Gulf of Mexico, the Caribbean, and o f f  t he  sou theas t  A t l a n t i c  coas t .  

B. Resource Assessments i n  the  Indo-Pacific Region 

The I n t e r n a t i o n a l  Center f o r  Living Aquatic Resources Management 
(ICLARM) i s  conducting s e v e r a l  s t u d i e s  invo lv ing  t h e  assessment of demersal 
and p e l a g i c  f i s h  s tocks  i n  Southeast  A s i a .  Recently,  Pauly (1981) 
i n d i c a t e d  t h a t  they a r e  e s t a b l i s h i n g  a microcomputer-based system f o r  
f i l i n g  trawl survey d a t a  on f i s h e r i e s  i n  t h e  r eg ion  and f o r  t h e i r  a n a l y s i s  
by l o c a l  s c i e n t i s t s .  I n  t h i s  same paper ,  Pauly a l s o  announced t h e  
a v a i l a b l i l i t y  of microcomputer sof tware t o  c a l c u l a t e  von Ber t a l an f fy  growth 
parameters and c a t c h  curves from length-frequency data .  

C. Laboratory Research on Tuna i n  H a w a i i  

A t  t he  Kewalo Research F a c i l i t y  of t h e  Honolulu Laboratory,  
microcomputers a re  being employed i n  experiments involving phys io log ica l  

2Hamm, D. C. 1982. Prel iminary d e s c r i p t i o n  of t he  western P a c i f i c  
f i s h e r y  information network. Southwest Fish.  Cent. Admin. Rep. H-82-2, 
11 p. Natl .  Mar. Fish.  Serv., NOAA, Honolulu, H I  96812. 
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parameters,  environmental v a r i a b l e s  such as temperature,  feeding 
p re fe rences  and r a t e s ,  and electromagnet ic  f i e l d s .  The microcomputers a r e  
i n t e r f a c e d  with sens ing  devices  t o  determine the movement and o t h e r  
behav io ra l  responses of c a p t i v e  animals being sub jec t ed  t o  v a r i o u s  
experimental  procedures. 
behavior of the experimental  f i s h e s  and a l t e r  the experiment i n  response t o  
the  f i s h ' s  behavior.  I n  t h i s  way, the experimental  animals '  p re fe rence  f o r  
environmental  f a c t o r s  such as temperature have been determined. The 
a b i l i t y  of s k i p j a c k  tuna,  Katsuwonus Pelamis,  and o t h e r  tuna t o  sense 
changes i n  the  e a r t h ' s  e l ec t romagne t i c  f i e l d  i s  being i n v e s t i g a t e d  t o  
determine t h e i r  a b i l i t y  t o  use t h i s  environmental  cue f o r  migrat ion.  

The microcomputers a r e  programmed t o  analyze the  
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APPENDIX 1 

Glossary 

Analog. I n  the  computer f i e l d ,  the  use of e l e c t r i c  vo l t ages  a s  
phys i ca l  analogues of numerical  v a r i a b l e s .  

Arch i t ec tu re .  Organiza t iona l  s t r u c t u r e  of a computing sys t em,  mainly 
r e f  e r r i n g  t o  the  CPU or microprocessor.  

BASIC. The most popular  high-level  language used on microcomputers. 
Short  f o r  "Beginner 's  All-purpose Symbolic I n s t r u c t i o n  Code." 

B i t .  An abbrev ia t ion  of "binary d i g i t ; "  s i n g l e  c h a r a c t e r s  of a b inary  
number, e i t h e r  0 or  1 i n  the  case of computers. 

Byte (B). A sequence of n b i t s  opera ted  upon as a u n i t  i s  c a l l e d  an 
n-bi t  by te .  The most f r equen t  s i z e  i s  8 b i t s .  KB s tands  f o r  1 ,024  
bytes ,  and MB s tands  f o r . 1  megabyte. 

Bus. A group of wires t h a t  a l low memory, CPU, and input /output  
devices  t o  exchange da ta .  

Clock. I n  a small computer, a device  t h a t  sends out  t iming pu l ses  t o  
synchronize t h e  a c t i o n s  of t he  computer. 

COBOL. Short  f o r  "Common Business Oriented Language;'' a high-level  
language. 

Computer Program (Program). A c o l l e c t i o n  of i n s t r u c t i o n s  proper ly  
ordered  t o  perform a p a r t i c u l a r  task .  

CPU ( C e n t r a l  Processing Uni t ) .  That p a r t  of a computer system t h a t  
c o n t r o l s  t h e  i n t e r p r e t a t i o n  and execut ion  of i n s t r u c t i o n s .  I n  
g e n e r a l ,  the  CPU con ta ins  the  fo l lowing  elements:  a r i t hme t i c - log ic  
u n i t ,  t iming and c o n t r o l ,  accumulator,  scratch-pad memory, program 
counter  and p o i n t e r  s t ack ,  i n s t r u c t i o n  r e g i s t e r  and decoder,  
p a r a l l e l  d a t a  and inpu t /ou tpu t  bus, memory and inpu t /ou tpu t  c o n t r o l .  

Data Base. The e n t i r e  c o l l e c t i o n  of information a v a i l a b l e  t o  a 
computer system. O r ,  a s t r u c t u r e d  c o l l e c t i o n  of in format ion  as an 
e n t i t y  or  c o l l e c t i o n  of r e l a t e d  f i l e s  t r e a t e d  a s  an e n t i t y .  

Data Base Management System (DBMS). F a c i l i t i e s  f o r  c r e a t i n g  and 
main ta in ing  a l a r g e ,  organized,  s t r u c t u r e d  c o l l e c t i o n  of d a t a  and 
provid ing  means f o r  producing va r ious  types of predetermined r e p o r t s  
based upon i n t e r r o g a t i o n  of t he  d a t a  base. 

Data Set .  A c o l l e c t i o n  of d a t a  records ,  with a l o g i c a l  r e l a t i o n  of 
one t o  another  . 

D i g i t a l .  Of o r  p e r t a i n i n g  t o  numerical  b i t s .  
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Disk. A round p iece  of magnetic-coated material used t o  s t o r e  d a t a  
wi th  g r e a t e r  d e n s i t y ,  speed, and r e l i a b i l i t y  than wi th  magnetic 
tapes .  Floppy d i sks  have t h i n  5-1/4 inch  (13.3 cm) or  8 in .  (20.3 
cm) d i sks .  Hard d i s k s  are  t h i c k e r  and can be much l a r g e r .  

FORTRAN. A high-level  language gene ra l ly  f o r  s c i e n t i f i c  use ,  
expressed i n  a l g e b r a i c  no ta t ion .  Short  f o r  "Formula Trans la tor . "  

Hardware. Phys ica l  equipment forming a computer system. 

High-Level Language. User o r i e n t e d  programming languages us ing  
l e t t e r s ,  symbols, o r  Engl i sh- l ike  t e x t  from which a r e  genera ted  
codes the  computer understands.  FORTRAN, COBOL, and BASIC a r e  t h r e e  
commonly used h igh- leve l  languages. 

Input-Output ( I / O ) .  General  term f o r  the process  of communicating 
between the  computer and e x t e r n a l  devices ;  or  the  d a t a  involved i n  
t h a t  communication. 

Mainframe Computer. A l a rge-sca le  computer such a s  the  I B M  System 370 
maxicomputer or  a D i g i t a l  VAX 11/370 minicomputer. 

Memory. T h a t  p a r t  of a computer t h a t  holds  d a t a  and i n s t r u c t i o n s .  
Each i n s t r u c t i o n  or  datum i s  ass igned  a unique address  t h a t  i s  used 
by the  CPU when f e t c h i n g  or  s t o r i n g  the  information.  

Microcomputer. A computer whose CPU i s  a microprocessor .  A 
microcomputer i s  an e n t i r e  sys tem with microprocessor ,  memory, and 
input-output c o n t r o l l e r s .  

Microprocessor.  Frequent ly  c a l l e d  "computer on a chip." The 
microprocessor  i s ,  i n  r e a l i t y ,  a s e t  of one, or a few, la rge-sca le  
i n t e g r a t e d  c i r c u i t s  capable  of performing t h e  e s s e n t i a l  func t ions  of 
a computer CPU. 

Modem. Short  f o r  modulator/demodulator. An e l e c t r o n i c  device  t h a t  
a l lows computer equipment t o  send and r e c e i v e  information through 
telephone l i n e s .  

Network. An in te rconnec ted  group of computer systems, te rmina ls ,  or  
communications f a c i l i t i e s  f o r  shar ing  of d a t a  bases or  computer 
process ing  resources .  

Pe r iphe ra l  Device, Equipment t h a t  i s  e x t e r n a l  t o  the  computer i t s e l f ,  
f o r  example, d i s k s  and p r i n t e r s .  

Pascal .  A h igh- leve l ,  s t r u c t u r e d  programming language named a f t e r  the 
17th  century  French mathematician B la i se  Pasca l .  

P L / I .  A high-level ,  s t r u c t u r e d  programming language combining 
f e a t u r e s  from COBOL, FORTRAN, and o the r  languages. Short  f o r  
"Programming Language One. It 
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Software. Computer programs. 
Terminal. An input-output device  t h a t  i n t e r f a c e s  between the  human 

ope ra to r  and t h e  computer system, f o r  example, a t e l e t y p e  or  a v ideo  
d i s p l a y  terminal. 

Video Display Terminal (VDT). A te rmina l  conta in ing  a screen  f o r  
viewing d a t a  en te red  i n t o  or rece ived  by the  te rmina l .  
tube  i s  most commonly used r e s u l t i n g  i n  t h e  acronym CRT. 

A cathod-ray 
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Table 3.--Specifications, performance capability, and cost of an 
IBC Ensign Model E-1256 microcomputer. 

Specifications Values cost us$ 
Basic configuration 
Central processor 
Memory 
Speed (cycle time) 
Console 
Sub total 

Peripherals 
Main storage 

Backup storage 
Printer 
Sub total 

Software 
Basic 
COBOL 
FORTRAN 
Pascal 

Operating system cp/M 
Subtotal 

PL/I 

Total 

Opt ions 
Memory up to 
Card reader 
Video display terminals 
X-Y p lot t e r 
Data base software 
Word processor software 

256K 
120 nsec 
Video 

2, floppy disks (2.4MB 
Winchester disk (50MB) 
9 track tape drive 
150 cps 

Available 
do 
do 
do 
do 

4 different systems 

768KB 
Not available from manufacturer 
3 models 
Available from other vendors 

do 

10 , 850 
n/c 

1,300 
12 150 

-- 

n/c 
8 200 
2,250 
1 , 695 
12 , 145 

290 
580 
350 
430 
460 
300 

2 , 410 
26,705 

4,200/256KB 

800 to 1,300 

do 
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r + .  

I 

American Samoa 
Office of 

Marine Resources 
Apple I1 Plus 
Microcomputer 

System 

Resources 
Apple I1 Plus 
Microcomputer 

Guam Division of Northern lfariana 

Wildlife Resources of Natural Resources 
Apple I1 Plus Apple I1 Plus 
Microcomputer Microcomputer 

System System 

Aquatic and Islands Department 

I 

FIN Data Base and 
File Management 
and Program 
Development 
Terminal 

Scientific 
Applications and 

ADP Task File 
Management and 

Program 
Development 
Terminal 

b 

/ 
t 

Data Entry/Edit , 

Terminal 
I 

1 I I  I l l  
Communications 

Data Entry/Edit 
Terminal 

I FIN Dedicated 
Printer 1 

Termina 1 

Terminal 

Word Processing -r-l Printer 

Unused Lines Available 
for Future Growth 

Figure 1.--The WPACFIN hardware configuration (see text footnote 2). 




